Norepinephrine and epinephrine signaling is thought to facilitate cognitive processes related to emotional events and heightened arousal; however, the specific role of epinephrine in these processes is less known. To investigate the selective impact of epinephrine on arousal and fear-related memory retrieval, mice unable to synthesize epinephrine (phenylethanolamine N-methyltransferase knockout, PNMT-KO) were tested for contextual and cued-fear conditioning. To assess the role of epinephrine in other cognitive and arousal-based behaviors these mice were also tested for acoustic startle, prepulse inhibition, novel object recognition, and open-field activity. Our results show that compared with wild-type mice, PNMT-KO mice showed reduced contextual fear but normal cued fear. Mice exhibited normal memory performance in the short-term version of the novel object recognition task, suggesting that PNMT mice exhibit more selective memory effects on highly emotional and/or long-term memories. Similarly, open-field activity was unaffected by epinephrine deficiency, suggesting that differences in freezing are not related to changes in overall anxiety or exploratory drive. Startle reactivity to acoustic pulses was reduced in PNMT-KO mice, whereas prepulse inhibition was increased. These findings provide further evidence for a selective role of epinephrine in contextual-fear learning and support its potential role in acoustic startle.
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Introduction
Emotionally arousing experiences tend to be recalled better than neutral ones. This phenomenon is due in part to the memory-enhancing effect of adrenergic catecholamines [norepinephrine (NE) and epinephrine (E)] including both central and peripheral actions (Cahill et al., 1994; McGaugh and Roozendaal, 2002; McIntyre and Roozendaal, 2007; McIntyre et al., 2011) . A large body of evidence suggests that noradrenergic receptor signaling enhances memory consolidation and retrieval in laboratory animals, as well as humans (Gold and van Buskirk, 1975; Gold and van Buskirk, 1978; Cahill et al., 1994; Clayton and Williams, 2000; Izquierdo et al., 2002; Nordby et al., 2006) . Specific blockade of b-adrenergic receptors shortly after either appetitive or aversive learning paradigms disrupts short-term and long-term memory consolidation in rodents and humans (Introini-Collison et al., 1992; Nielson and Jensen, 1994; Cahill et al., 2000; Cahill and Alkire, 2003; King and Williams, 2009 ). b-Blockers also disrupt memory if administered before memory retrieval (Murchison et al., 2004) . Conversely, systemic or central administration of NE/E or their receptor agonists during consolidation or retrieval enhances performance across tasks of spatial-related or objectrelated memory, conditioned fear, and inhibitory avoidance behavior (Gold and van Buskirk, 1975; Sternberg et al., 1986; Introini-Collison et al., 1992; Torras-Garcia et al., 1997; Williams et al., 1998; Murchison et al., 2004) . Taken together, these studies support a modulatory role of NE/E signaling in memory formation and recall.
Several neural substrates are implicated in noradrenergic receptor signaling effects on memory, including the basolateral amygdala (Ferry et al., 1999; McGaugh, 2004; Roozendaal et al., 2006) . Noradrenergic transmission in the amygdala mediates the memory modulating effects of E, corticosterone, and other neurotransmitter systems (Gold and van Buskirk, 1978; Quirarte et al., 1997; Quirarte et al., 1998; McGaugh and Roozendaal, 2002; De Quervain et al., 2007) . Neuroanatomical and physiological data also support a modulatory role of NE/E in memory, with extensive noradrenergic projections to the hippocampus, extended amygdala, and prefrontal cortex in several mammalian species, including humans (Hokfelt et al., 1974; Swanson and Hartman, 1975; Armstrong et al., 1982; Gaspar et al., 1989; Samson et al., 1990; Roder and Ciriello, 1993) . Novelty or emotionally arousing events induce a significant release of NE/E in these circuits (McCarty and Gold, 1981; Kitchigina et al., 1997; Rosario and Abercrombie, 1999; McIntyre et al., 2002; Geracioti et al., 2008) . Accordingly, the extensive literature suggests that highly emotional, novel, or salient stimuli are more memorable because of their ability to induce NE/E neurotransmission (Nielson and It is not clear how much of a role E specifically plays in memory formation, because of the difficulty in disentangling the effects of NE from those of E. As their synthesizing pathways (from tyrosine to NE) and their receptor repertoire are mostly overlapping, the final conversion step from NE to E by phenylethanolamine N-methyltransferase (PNMT) allows specific targeting of E to dissect these two transmitter systems. Mice with PNMT knockout (PNMT-KO) show normal synthesis of NE but are unable to convert NE to E in the peripheral and central nervous systems, resulting in the complete loss of E. Although there have been some reports suggesting that E is necessary for the effects of stress on learning and other behaviors, these studies have either been based on full adrenalectomy, which confounds the effects of E with loss of other critical hormones (e.g. corticosterone), or a null mutation of dopamine bhydroxylase (DBH), confounding loss of E with concurrent loss of NE (Borrell et al., 1983; Roozendaal et al., 1998; Murchison et al., 2004; Spanswick and Sutherland, 2010) . As adrenergic receptors show affinity to both E and NE, pharmacological studies that indentify the specific role of these transmitter/hormone systems in emotional memory formation are limited. Although the expression and release of E compared with NE is more restricted in the brain (Hokfelt et al., 1974; Armstrong et al., 1982) , PNMT-positive axonal distributions and E release from these nuclei are significant in the amygdala (Asan, 1993; Roder and Ciriello, 1993) . In addition, peripheral E from the adrenals can induce significant noradrenergic release in the hippocampus, mediating the effect of arousal on memory processes (Miyashita and Williams, 2004) . On the basis of this literature, we hypothesized that E deficient mice would exhibit disruptions in fear learning and abnormalities in arousal behaviors such as startle reactivity. Thus, in the present study we sought to determine the contribution of E to the regulation of acoustic startle and retrieval of highly arousing memories in mice lacking the ability to synthesize E. We also examined the mice for short-term memory performance in the novel object recognition task to determine whether E deficiency results in a deficit in memory acquisition or short-term memory retrieval of slightly arousing stimuli. Finally, we also assessed open-field activity to differentiate between fear memory changes and general changes in anxiety and behavioral activity.
Methods

Subjects
Male wild-type (WT, n = 11) and PNMT-KO (n = 10) mice on a C57BL/6J background were used in the present study (for the original description of PNMT-KO mutation see Bao et al., 2007) . Mice were housed in a temperaturecontrolled and humidity-controlled room with a 12 : 12 h light/dark cycle (lights on at 08:00 h) and food and water freely available. Behavioral testing started at 4-5 months of age with a brief assessment of locomotor activity in a novel environment (day 0), followed by contextdependent and cue-dependent conditioned fear testing on days 8-10, a novel object recognition task on day 29, and acoustic startle assessment on day 41. All behavioral tests were performed between 10:00 and 16:00 h and were conducted in accordance with the guidelines of the National Institutes of Health Guide for the Care and Use of Laboratory Animals, as approved by the University of California, San Diego.
Open-field test
Open-field activity was assessed in an open arena (40 Â 40 Â 40 cm) with light illumination from above (850 lx, for details see Dulawa et al., 1999) . Subjects were placed on the periphery and their locomotor activity was recorded for 45 min and analyzed using the Ethovision tracking software (Noldus Information Technology, Wageningen, the Netherlands). The chambers were cleaned thoroughly with water between testing sessions. Total distance moved, center (25 Â 25 cm) duration, and entries were considered in the analysis.
Conditioned fear test Conditioning apparatus
The procedure used in the fear conditioning experiment was adapted from previous studies (for a detailed description see Valentinuzzi et al., 1998; Gresack et al., 2010) . Briefly, electric foot shocks were delivered in acrylic chambers (25 cm wide Â 18 cm high Â 21 cm deep; San Diego Instruments, San Diego, California, USA) consisting of 32 stainless steel rods wired to a shock generator (San Diego Instruments). Presentation of unconditioned (US: scrambled foot shock) and conditioned (CS: auditory tone; Sonalert pure tone generator; Mallory Sonalert Products Inc., Indianapolis, Indiana, USA) stimuli was controlled using a computer. Sixteen infrared photobeams surrounding the chamber were used to continuously detect the mouse's movements. The latencies and number of beam interruptions were recorded and used for determination of the conditioned fear (freezing) response. Freezing was determined using an automated method that relied upon the latency to break the infrared beams. The tests were divided into 5-s epochs and the latency to break the first of three photobeams within each 5-s interval was recorded. If a mouse took longer than 1 s to break the first beam, then an instance of freezing was scored. The number of 5-s intervals during which an instance of freezing was observed was divided by the total number of 5-s intervals and multiplied by 100 to determine the % freezing. A correlation between the percentages of freezing obtained using hand scoring vs. automated methods was calculated previously and was found to have a Pearson's correlation coefficient (r) of 0.90 (P < 0.001; Gresack et al., 2010) .
Experimental procedure
On the conditioning day, mice were transported in their home cages to a room located adjacent to the testing room. After a 60-min habituation period, mice were placed in the conditioning chamber. After an acclimation period (2 min), mice were presented with a tone (CS: 75 dB, 4 kHz) for 20 s that coterminated with a foot shock (US: 1 s, 0.5 mA). A total of three tone-shock pairings were presented with an intertrial interval of 40 s. Freezing was measured during shock presentations and for 40 s after shock. Mice were replaced in their home cage 40 s after the final shock. We have found that these moderate shock parameters allow us to detect both increases and decreases in fear-conditioned behavior. The chambers were cleaned with water after each session. Twenty-four hours later, subjects were re-exposed to the conditioning chamber for a contextual-fear retention test. The habituation period and features of the chamber were identical to those used during conditioning. This test lasted 8 min, during which time no shocks or tones were presented, and freezing was scored for the duration of the session. Twenty-four hours after the contextual-fear retention test, mice were tested for CS-induced fear retention. The context of the chambers was altered on several dimensions (tactile, odor, visual) for the tone test in order to minimize generalization from the conditioning context. Specifically, the grid floors were replaced with smooth plastic floors cleaned with peppermint scent between each run. The walls of the chamber were adorned with various geometric shapes. The habituation period was the same as above. After a 5-min acclimation period, during which time no tones were presented, 32 tones were presented for 20 s with an intertrial interval of 5 s. Freezing was scored during and after each tone presentation. Baseline freezing during the acclimation period before tone presentation was also assessed. Subjects were returned to their home cage immediately after termination of the last tone.
Novel object recognition task
To determine whether other forms of memory are disrupted in PNMT-KO mice, we tested the mice for short-term novel object recognition 3 weeks after the conditioned fear test, as described previously (Ali et al., 2011) . The novel object recognition task was performed in an open arena (60 Â 60 cm) using two object types (Lego pyramid and a 50 ml plastic conical tube containing gravel) affixed to the floor, using Velcro tape, at opposite corners of the open field 10 cm away from the walls. Each mouse completed one session that comprised three successive trials. In trial 1, the habituation phase, the mouse was placed at the center of the empty open-field box and allowed to freely explore. During trial 2, the sample phase, two of the same objects were placed at opposite corners of the box and the mouse was allowed to explore the objects. Half of the mice were randomly assigned to start with either the Lego pyramid or the conical tube as the familiar object. In trial 3, one of the objects was replaced with a new object to assess novel object exploration. Each trial was 5 min in duration; the intertrial interval was 5 min between trials 1 and 2 and 1 h between trials 2 and 3. This time point was chosen as performance after a 1-h delay has previously been associated with hippocampal function in rats (Clark et al., 2000) . The mouse was removed from the testing box and placed in a holding cage during the intertrial intervals. The box and the objects were carefully cleaned with water between each trial and cleaned with 70% alcohol at the end of each testing session. Locomotor activity was assessed using the Ethovision tracking software (Noldus Information Technology). Object exploration was established when the mouse's nose was within 2 cm of the object. Performance was calculated as the percentage of novel object preference: the length of time spent in exploring the novel object/the time spent in exploring the novel object plus the familiar object.
Acoustic startle and prepulse inhibition assessment
Startle assessment was performed 2 weeks after the novel object recognition task. Startle chambers (SR-LAB; San Diego Instruments) consisted of nonrestrictive Plexiglass cylinders, 5 cm in diameter, resting on a Plexiglass platform in a ventilated chamber. High-frequency speakers mounted 33 cm above the cylinders produced all acoustic stimuli. Piezoelectric accelerometers mounted under the cylinders transduced movements of the animal, which were digitized and stored in an interface and computer assembly. Beginning at startling stimulus onset, 65 consecutive 1-ms readings were recorded to obtain the peak amplitude of the animal's startle response. A dynamic calibration system was used to ensure comparable sensitivities across chambers, as previously described (Risbrough et al., 2009) . The house light remained on throughout all testing sessions.
For the acoustic startle sessions, the intertrial interval between stimulus presentations averaged 15 s (range of 7-23 s). A 65 dB background was presented continuously throughout the session. Startle pulses were 40 ms in duration, prepulses were 20 ms in duration, and prepulses preceded the pulse by 100 ms (onset-onset). The acoustic startle sessions included three blocks. Sessions began with a 5-min acclimation period, followed by delivery of five 120 dB startle pulses. This block was used to allow startle to reach a stable level before specific testing blocks. Then a second block tested response threshold and included four each of five different acoustic stimulus intensities: 80, 90, 100, 110, and 120 dB in a pseudorandom order. The third block consisted of 42 trials including 12 120 dB startle pulse intensities and 10 each of three different prepulse trials (68, 71, and 77 dB pulses preceding a 120 dB pulse). The session ended with five pulses of 120 dB. Prepulse inhibition (PPI) was calculated as the percentage change compared with 120 dB pulses without prepulse using 120 dB alone trials in the third block. Habituation was measured by comparing the response with 120 dB across the four stimulus blocks in the session. The peak startle magnitude during the record window (i.e. 200 ms) was used for all data analysis.
Statistical analysis
Data are described as mean±SEM. Open-field activities and exploration in the novel object recognition task were analyzed by one-way analysis of variance (ANOVA). Freezing during fear acquisition and context or cue exposure was analyzed using one-way and repeatedmeasures ANOVA tests. Startle magnitude and %PPI [100 -(average startle magnitude in prepulse trial/average startle magnitude to pulse alone trial) Â 100] were analyzed by two-way ANOVAs with genotype as a between-subject factor and intensity (either of pulse or prepulse) as a within-subject factor. When appropriate, post-hoc pairwise comparisons (Student's t-test) were also made. To exclude the effect of startle magnitude changes on PPI, we also used startle baseline as a covariate in the ANOVA on %PPI.
Results
Open-field test PNMT-KO mice did not show any alteration in spontaneous locomotor activity compared with WT littermates, as assessed by the total distance traveled, center entries, and time spent in the center [ Fig. 1a ; distance (m) WT = 131.48±6.73, KO = 133.74±3.06; center entries: WT = 164.90±10.81, KO = 157.44±7.05]. To determine whether this early exposure period was more sensitive to E deficiency, we also examined just the first 5 min of open-field exposure separately, but we found the same pattern of results across all measures (i.e. no effect of genotype, data not shown).
Conditioned fear test
During fear acquisition, freezing gradually increased with each pairing of the tone cue and footshock during fear conditioning [ Fig. 2a ; F time (2,38) = 10.17, P < 0.001]. There was no effect of genotype during acquisition.
Re-exposure to the shock context (context-fear retention test) induced robust freezing in WT mice, but the freezing response was significantly lower in KO mice [ Fig. 2b ; In contrast, PNMT-KO and WT mice did not differ in the time spent freezing in a modified context during the 2-min acclimation period before auditory cue presentation on the next day (Fig. 2c) . The presentation of shockassociated auditory cues induced a significant increase in % freezing in both groups compared with the pretone baseline [ Fig. 2d ; F cue (2,38) = 25.01, P < 0.001; F genotype (1,19) < 1, NS]. There was no significant effect of genotype on cued responses [F genotype (1,19) < 1, NS], when normalized for pretone baseline [cued freezingpretone baseline; F genotype (1,19) = 1.03, NS].
Novel object recognition task
Three mice were excluded from the analysis (one WT and two KOs) because of lack of exploration (< 1% of time spent exploring the objects during the sampling/testing phase). Both groups preferred to explore the novel object during the test session, as novel object preference was significantly different from chance (t = 2.36, P < 0.02 vs. 50%). Performance did not differ between groups [ Fig. 1b ; time spent exploring objects during the sample phase (s): WT = 5.96±1.47, KO = 6.04±2.13].
Acoustic startle and prepulse inhibition
As shown in Fig. 3a , startle responses gradually increased with increasing pulse intensity [F intensity (4,72) = 58.11, P < 0.001]. PNMT-KO mice exhibited a trend toward reduced startle reactivity [F genotype (1,18) = 4.33, P = 0.051; F intensity Â genotype (4,72) = 2.85, P < 0.052], which was significant at the 110 dB pulse (P < 0.02, pairwise comparison). Conversely, PNMT-KO mice exhibited significant increases in PPI compared with WT mice [F genotype (1,18) = 9.20, P < 0.01; Fig. 3b ]. A covariance analysis with baseline startle (Young et al., 2010) showed that this increase in PPI performance was only partially due to the lowered startle magnitude, as PPI tended to be higher in PNMT-KO mice even when baseline startle magnitude was accounted for [F genotype (1,17) = 4.23, P = 0.055]. No differences in startle habitation between PNMT-KO and WT mice were observed (data not shown).
Discussion
In the present study we examined the effect of E deficiency on behavioral activity, fear conditioning, short-term memory performance, and startle reactivity in male mice. PNMT-KO mice exhibited decreased contextfear, but not cued-fear, conditioning. These data suggest that E deficiency selectively affects contextual-fear learning. WT and PNMT-KO mice had similar freezing during fear acquisition, suggesting that pain perception of the shocks and acute fear acquisition were not affected by genotype. PNMT-KO mice showed normal short-term memory retrieval in the novel object recognition task; hence, it is likely that attention and short-term memory acquisition were not affected significantly by E deficiency. Similarly, activity and anxiety-like behavior in the open field were unaltered by E deficiency, which also suggests a more specific effect of E on fear learning, specifically on exposure to contextual cues. E deficiency also decreased startle reaction and increased PPI, supporting a role for E in startle reactivity and sensorimotor gating.
A large body of evidence supports the marked differences in underlying neural mechanisms between contextdependent and cue-dependent memory processes (e.g. involving the hippocampus; Sutherland and McDonald, 1990; Phillips and LeDoux, 1992) . Present results suggest that context-dependent and cue-dependent conditioned fear also differ in adrenergic neurotransmission. This interpretation is supported by previous reports showing that nonselective b-blockers decrease only contextual conditioned fear in rodents and humans (Grillon et al., 2004; Janitzky et al., 2007) . Similarly, DBH knockout mice, which are unable to synthesize both NE and E, also exhibit reduced contextual-fear learning but intact cuedfear learning (Murchison et al., 2004) . Similar to the findings of Murchison et al. (2004) , we found that freezing in a modified context did not depend on adrenergic neurotransmission. These data suggest that loss of E is sufficient to mimic the contextual-fear learning deficits observed in DBH-deficient mice, which exhibit loss of both E and NE signaling.
There are three possible actions that could account for the present findings: (a) loss of central adrenergic neurotransmission directly at neural circuits mediating context memory, (b) loss of central E release, and/or (c) loss of peripheral E release, with a subsequent change in central NE signaling in these brain regions. As PNMT shows little or no expression and enzymatic activity in the hippocampus and the amygdala in different species including rodents (Hokfelt et al., 1974; Lew et al., 1977) , the significant impact of E loss on these regions is less likely than that of the other two mechanisms involving NE signaling. In the hippocampus, b-1 receptor blockade is sufficient to produce contextual-fear deficits similar in magnitude to deficits after systemic administration of these drugs (Ji et al., 2003; Murchison et al., 2004; Zhang et al., 2005) . Conversely, the b-receptor agonist isoproterenol is able to restore deficient conditioned fear in DBH-KO mice (Murchison et al., 2004) . Contextual-fear conditioning is also disrupted by intraamygdalar injection of b-blockers, and conversely local administration of NE increases contextual-fear consolidation (Liang et al., 1986) , although the present contextspecific disruption of conditioned fear implicates the more likely involvement of the hippocampus (Phillips and LeDoux, 1992; Maren, 2008) . Hence, our data suggest that NE has a strong impact on memory formation and retrieval in hippocampal circuits, likely through b-1 receptor activation. Although E may not affect amygdalar and hippocampal activity directly, it has a significant influence on locus coeruleus (LC) activity (Holdefer and Jensen, 1987; Miyashita and Williams, 2004) . Some previous reports suggested a possible inhibitory effect of adrenergic nuclei of the ventral medulla on LC activity through a-2 receptors (Cedarbaum and Aghajanian, 1976) ; however, these effects are questionable, as PNMT inhibitors that lack a-2 affinity did not have an effect on LC firing activity (Engberg et al., 1981) . In contrast, there are consonant studies showing that peripheral E can increase LC activity (Holdefer and Jensen, 1987) , increase NE concentration in the hippocampus and the amygdala (Williams et al., 1998; Miyashita and Williams, 2004) , and, in turn, enhance contextual memories in an NE-dependent manner (Borrell et al., 1983; Liang et al., 1986) . Peripheral E administration has also been shown to enhance stabilization of longterm potentiation in hippocampal neurons over several days, suggesting a molecular mechanism for E-induced increases in memory processes (Korol and Gold, 2008) .
The current hypothesis suggests that peripheral E acts on b-receptors of the vagal nerve, inducing glutamatergic release in the nucleus tractus solitarii, which in turn stimulates LC and noradrenergic release in the amygdala and the hippocampus (Williams and McGaugh, 1993; Miyashita and Williams, 2004; King and Williams, 2009 ). Considering the high peripheral concentration of E under highly arousing states, it is tempting to speculate that the lack of peripheral E during shock exposure and/or shock context presentations significantly contributed to impaired fear conditioning in PNMT-KO mice through the above-mentioned pathway. Following this logic, peripheral E may exert selective influences on different fear-related memory systems (such as the amygdala and the hippocampus), as cue-dependent conditioned fear was unaffected by E deficiency. Future studies are necessary to clarify such selective catecholaminergic mechanisms (e.g. at the level of the nucleus tractus solitarius or the forebrain).
Genetic disruption of the PNMT gene results in a chronic deficiency of E and can affect both memory consolidation and retrieval. However, it is unlikely that alteration of fear conditioning is due to generally impaired memory acquisition. PNMT-KO mice performed normally in the novel object recognition task, suggesting that their conditioning deficits are not likely due to disrupted attention and acquisition processes. An alternate explanation is that E/NE may affect short-term and long-term memory differentially. The present version of this task required short-term (1 h) memory retrieval, which may be less affected by NE/E transmission and arousal (Izquierdo et al., 1999; Quevedo et al., 2003; Murchison et al., 2004) .
PNMT-KO mice also showed a blunted acoustic startle response at high sound intensities, suggesting that E may play a role in maximal startle responding. Noradrenergic signaling is well known to affect startle. Administration of the a-2 agonist clonidine, which reduces NE release through activation of autoreceptors, reduces both baseline and stress/fear-potentiated startle in laboratory animals and humans (Davis et al., 1979; Leaton and Cassella, 1984; Fendt et al., 1994; Kumari et al., 1996; Gresack and Risbrough, 2011) . Conversely, pharmacological blockade or genetic disruption of a-2 receptors increases startle reactivity (Kehne and Davis, 1985; Morgan et al., 1993; Sallinen et al., 1998; White and Birkle, 2001) . b-Receptors play less of a role in startle modulation (Davis, 1980; Leaton and Cassella, 1984; Gresack and Risbrough, 2011) . Our data suggest that, in addition to NE, E has a potential modulatory role in the acoustic startle response. Interestingly, PNMT-KO mice also have increased PPI, and these changes were largely independent of startle magnitude changes. These data also suggest a regulatory role of adrenergic signaling in sensorimotor gating under these stressful conditions. Recently, enhanced NE neurotransmission was also shown to decrease PPI at several brain regions innervated by the LC, including the medial prefrontal cortex, bed nucleus of stria terminalis, basolateral amygdala, and mediodorsal thalamus (Alsene et al., 2011) . On the basis of the above-mentioned data, we hypothesize that stressful stimuli induce significant E release (especially in the periphery), which in turn increases NE release in these brain regions, resulting in increased startle reactivity and decreased prepulse inhibition. It is important to note that the startle reflex was assessed after fear conditioning, which may have had long-term effects on anxiety-like behavior that could interact with E deficiency. Although we cannot rule out this possibility, we believe that it is not likely, as we have found that conditioned fear training in a separate context does not affect subsequent startle responding (e.g. startle is only increased after fear conditioning to the startle boxes themselves; Risbrough et al. 2009 ).
Conclusion
The lowered startle reactivity and fear response of PNMT-KO mice supports a facilitatory role of E in the encoding of emotionally arousing events and suggests its possible contribution to excessive arousal levels associated with fearful experiences. Beyond the welldocumented role of E in acute sympathetic activation and acute stress responses such as modulation of arousal, there is evidence suggestive of E having a significant role in long-term stress adaptation and emotional memory encoding. In addition, there is evidence for a role of E (and NE) in the elevation of arousal and fear memory under pathological conditions, for example, in posttraumatic stress disorder (PTSD; Morgan et al., 1995; O'Donnell et al., 2004) . In this respect, our data support the potential role of adrenergic catecholamines in the pathogenesis of PTSD (fear memory and startle reaction) and the possible treatment applications of b-adrenergic drugs, which have shown some preliminary efficacy as adjunct treatments in extinction-based therapies and as preventive agents in PTSD (Mueller and Cahill, 2010; Dębiec et al., 2011 ; but see Stein et al., 2007) .
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